Objective. To evaluate whether the use of standard admission orders for patients admitted with acute myocardial infarction (AMI) is associated with better hospital quality of care.
Introduction
Order sets, traditionally pre-printed documents, may help standardize patient care for a specific condition, component of care and treatment facility. For example, order sets may be developed to standardize care following admission to a hospital (admission orders), at discharge (discharge orders) or related to administration of a specific treatment. A recent systematic review evaluating the effectiveness of order sets listed three main approaches for their dissemination including traditional paper forms, electronic downloadable forms and lists and prevent patients from receiving timely care as well as lead to 'cookbook medicine' [1] . Because the creation of standard admission orders often requires considerable human and hospital resources, it is important to evaluate how effective they are in improving patterns of clinical care.
There are no randomized, controlled trials that have evaluated the effectiveness of standardized order sets for acute myocardial infarction (AMI), to the best of our knowledge [1] . Moreover, to date, limited data are available from population-based studies of the 'real-world' effectiveness of standard admission orders for acute cardiac care. Cardiovascular care admission order sets have been implemented and evaluated as part of local quality improvement initiatives, mostly combined with discharge sets, distribution of patient educational materials and physician training [2 -4] . In the management of acute coronary syndrome, these initiatives resulted in increased compliance to evidence-based care such as the use of aspirin and b-blockers [4 -6] . In other clinical conditions (e.g. sepsis, heart failure and community-acquired pneumonia), standard orders were associated with improved patient outcomes, such as lower mortality [7 -10] , as well as reduced hospital length of stay [9, 11] , and costs [7, 10, 12] .
Standard order sets should reflect current evidence-based guidelines and standards of care and need to be updated as new evidence or policies emerge. Strategies to support successful implementation of order sets include involvement of a multidisciplinary team for order set development, as well as assessment of feasibility, acceptability and compliance [3, 13, 14] .
The use of standard admission orders was one of 12 AMI process-of-care indicators collected and assessed in the Enhanced Feedback for Effective Cardiac Treatment (EFFECT) study-a large cluster randomized trial of 86 Ontario hospital corporations randomized to receive either early or delayed feedback of a publicly released AMI and congestive heart failure (CHF) report cards [15] . The EFFECT study involved retrospective clinical data collection on a baseline (1999 -2001) and follow-up cohorts (2004 -2005) of patients admitted with AMI or CHF to the participating hospitals.
The primary objective of this study is to investigate whether the use of standard admission orders in Ontario hospitals was associated with better hospital performance on seven selected process-of-care quality indicators in patients with AMI. We also assessed whether the use of admission orders and performance on a composite process-of-care measure were associated with better patient outcomes.
Methods

EFFECT study database
The EFFECT study was a large cluster randomized trial of the effectiveness of public reporting for improving the quality of AMI and CHF care in the province of Ontario, Canada. The study methods and primary results have been described in detail elsewhere [15] . For this sub-study, we identified all patients who were admitted to EFFECT study hospitals with a diagnosis of AMI during the 2004/05 fiscal year in the follow-up phase of the EFFECT study. In order to make the cohort of patients as homogenous as possible, we included only those AMI patients who were admitted directly to the coronary care unit/intensive care units at the participating hospitals and excluded 30% of patients who were admitted directly to a ward bed as they were likely patients for whom optimizing acute cardiac care may not have been a primary objective (e.g. the very elderly, patients with do-not-resuscitate orders). Trained cardiology research nurses retrospectively collected the data from a random sample of up to 125 AMI charts at each hospital. Nurses were instructed to review the charts to identify whether standardized admission orders were actually utilized and present on the chart during the hospital stay. Information on the actual content of the standard admission order was not explicitly abstracted. The study was approved by the research ethics boards at each hospital before data collection began, and a waiver of informed patient consent was required due to the impracticability of collecting consent retrospectively from the study population.
Process-of-care and outcome indicators
The EFFECT study assessed 12 AMI process-of-care quality indicators, including the use of standard admission orders, previously developed and endorsed by the Canadian Cardiovascular Outcomes Research Team and the Canadian Cardiovascular Society [16] . Full definitions for each indicator, including identification of ideal candidates (those without documented contraindications), are described in detail elsewhere [16] . For this study, we evaluated only those indicators (n ¼ 7) that were likely to have been influenced by the standard admission orders at the participating hospitals (i.e. we excluded indicators related to medication prescriptions at discharge). The seven indicators evaluated consisted of fibrinolytics administration within 30 min or primary percutaneous coronary intervention (PCI) within 90 min of hospital arrival, fibrinolytics administration decided by an emergency department (ED) physician, fibrinolytics given prior to transfer to coronary care unit/intensive care units, aspirin received within 6 h of admission and b-blockers received within 12 h of admission, LVF assessment during the hospital stay and lipid sample obtained within 24 h of admission. We also created a composite process-of-care measure to reflect the proportion of eligible patients who received all of these seven indicators (i.e. an 'all-or-none' performance score). We assessed whether more patients with standard admission orders met the composite measure as compared with those without these orders.
Patient outcomes were assessed in terms of 30-day and 1-year mortality rates by linking the clinical information abstracted from patient charts to mortality information available from the Ontario Registered Persons Database using unique encrypted patient identifiers.
Statistical analysis
The study data were analysed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). The x 2 test was used to evaluate differences between categorical variables, and the t-test was used to assess the differences between continuous variables. Propensity-score (PS) matching was used to account for measured systematic differences between exposure groups (i.e. risk adjust) when estimating the effect of the use of standard admission orders or meeting a composite process-of-care measure on mortality [17] . The PS model was estimated using a logistic regression model that adjusted for the patient characteristics listed in Table 1 , as well as admissions vital signs and laboratory values (31 variables in total), as these variables were shown to be prognostically significant in other studies [18] . Matching without replacement on the logit of the PS was done using calipers of width equal to 0.2 of the standard deviation of the logit of the PS [19] . Balance in measured covariates between treatment groups was assessed using the standardized difference, both before and after PS matching [20] . Standardized differences of ,10% were taken to indicate acceptable balance between the groups. Mortality rates (30-day and 1-year) were compared between the groups by calculating the relative risk estimates received from a logbinomial regression model, using generalized estimating equation methods to account for the paired nature of the sample [21] . A P value of ,0.05 was considered statistically significant. Data are presented as frequencies and percentages unless specified otherwise.
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Results
The study sample included 5338 patients admitted with AMI to 78 acute care hospital corporations. Standard admission orders were used in 4314 (81%) patients. Table 1 presents baseline provider and patient characteristics including demographics, AMI risk factors and comorbidities. In general, patients admitted without standard admission orders were more acutely ill than patients admitted using standard admission orders. In particular, there were significant differences in age, gender, Killip class, AMI type (ST-segment elevation myocardial infraction (STEMI) vs. non-STEMI), hypertension, history of cerebrovascular accidents and atrial fibrillation between the two groups. Standard admission orders were also used less commonly in teaching hospitals as compared with community hospitals. Figure 1 shows the distribution of proportions of patients with admission orders stratified by the hospital type. Process-of-care measures were compared between patients with and without standard admission orders (Table 2) . Only those patients who were ideal candidates (eligible for the intervention with no documented contraindication) for the specific measure were included. Use of standard admission orders was associated with increased overall performance on four of the seven process-of-care measures and was not associated with significantly worse performance on any of the measures. Patients with standard admission orders were more likely to meet the target reperfusion time measured as fibrinolytics within 30 min or primary PCI within 90 min of arrival (41.7 vs. 29.1%, P , 0.001), have fibrinolytics administration decided by an ED physician (versus awaiting a cardiologist's decision) (87.2 vs. 80.2%, P ¼ 0.003), receive aspirin within 6 h of admission (89.4 vs. 82.9%, P , 0.001) and have lipid testing done within 24 h of admission (65.1 vs. 49.1%, P , 0.001). In addition, more patients with standard admission orders met the composite process-of-care measure (25.6 vs. 19.7%, P , 0.001).
In terms of outcomes, unadjusted 30-day and 1-year mortality rates (8.5 vs. 12.7%, P , 0.001 and 14.9 vs. 22.1%, P , 0.001, respectively) were lower for patients admitted with standard admission orders. Use of PS matching of patients with and without standard admission orders involved assessment of several matching strategies to balance baseline covariates. The strategy providing the best balance of baseline covariates between patients with and without standard admission orders involved matching on the logit of the PS, hospital type and AMI type (STEMI vs. non-STEMI). This method resulted in the formation of 1001 matched pairs. After adjustment, the relative risk (RR) estimates for both 30-day and 1-year mortality outcomes were not statistically significant different (Table 3) .
Similarly, patients whose care met the composite processof-care measure had lower unadjusted 30-day (5.3 vs. 10.6%, P , 0.001) and 1-year mortality (12.1 vs. 17.6%, P , 0.001) than those that did not. Utilizing PS matching of patients, for all 31 baseline characteristic variables, resulted in 1306 matched pairs. However, the adjusted analyses revealed that patients who received optimal care defined as meeting the composite process-of-care measure had lower adjusted 30-day (RR ¼ 0.51, 95% confidence interval (CI): 0.40-0.67) and 1-year mortality (RR ¼ 0.70, 95% CI: 0.58 -0.84) as compared with patients who did not receive optimal care (Table 3 ). 
Discussion
Standard admission orders are pre-defined order sets that can be used to help standardize the delivery of care and to help ensure care is evidence based. The findings of this study indicate that standard admission orders may be effective tools for improving performance on certain individual processes of AMI care. In particular, in patients with AMI the use of standard admission orders was associated with higher numbers of patients who met target reperfusion times (i.e. fibrinolysis within 30 min or primary PCI within 90 min of arrival) improved timely completion of tests (i.e. lipid profile test within 24 h) and administration of medications (i.e. aspirin within 6 h of admission). Although our study cannot definitely establish a causal relationship, the results do provide strong observational evidence suggesting that the utilization of standard admission orders may be an effective strategy for improving hospital performance on wellestablished quality-of-care indicators.
Patients admitted with and without standard admission orders differed in terms of several baseline characteristics including demographics, AMI risk factors and comorbidities. In general, patients admitted without standard admission orders were sicker, and more likely to be treated at teaching hospitals. Although providers may have potentially been more focused on administering life-saving interventions to these patients (e.g. primary angioplasty, cardiac defibrillation), it is also these same patients who arguably may have benefited more from a more standardized pattern of care. Interestingly, we observed considerable variation in the rate of standard admission order utilization across hospitals ranging from a low of 0% to a high of 100%. Although one might expect 100% compliance at hospitals that have standard admission orders set, physicians likely still have some discretion as to whether to use these order sets. As well, the standard order sets may not have been consistently available to physicians at certain hospitals. Interestingly, we found that utilization of standard order sets was less common at teaching hospitals in Ontario, which could reflect resistance among academic physicians, to the use of standardized orders, who may feel that they interfere with their autonomy in making clinical decisions or who may question their appropriateness. For example, the perceived quality of order sets is a major factor affecting their use by treating physicians [1, 22] . Other important factors include lack of awareness about the order sets, their impact on physician workflow, ease of use and availability at appropriate locations [1, 23, 24] .
Despite the existence of several effective evidence-based therapies in AMI for a number of years, many of these therapies remain underutilized in spite of the use of standardized admission orders. For example, among ideal (alive, eligible, no contraindications) AMI patients in our study sample, only 88% received aspirin within 6 h of admission and only 87% were prescribed it at discharge, 76% received a b-blocker within 12 h of arrival whereas 88% were prescribed one at discharge. In terms of discharge medications, about 92% of patients received a statin prescription and 87% received an angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker prescription (data not shown). The effect of each of these therapies on patient outcomes has been investigated in several randomized clinical trials and endorsed by clinical practice guidelines [25 -27] . We cannot identify from our study whether the failure to provide these aspects of care was because of particular care component not being explicitly noted on the order set, a patient had an undocumented contraindication to the intervention or the physician simply forgot to administer that aspect of care. Nevertheless, our study suggests that utilization of a standard admission order set does not guarantee that optimal patient care will be provided.
The set of seven indicators evaluated in this study were drawn from the pan-Canadian AMI indicators developed in 2003 [16] . Many of these indicators have been utilized within quality indicator development initiatives [28 -31] . Past studies found that the use of standardized tools is effective in improving processes of care and particularly in utilization of evidence-based guidelines in AMI [3] [4] [5] . For example, a study by Eagle et al. [32] the largest observational study to date of the effectiveness of standard admission orders for AMI care.
Evaluation of performance on the composite processof-care measure allows us to assess how many patients received all the identified interventions for which they were eligible. A review by Mehta et al. [33] reported that a 'dose -response' relationship exists between the number of evidence-based therapies received and observed mortality. A comparison of baseline characteristics of patients who met the composite process-of-care measure with those who did not revealed significant differences in only 6 of 31 characteristics assessed. After adjusting for these differences by the PS matching (data not shown), we observed that 30-day and 1-year mortality rates were significantly lower in patients whose care met the composite measure. A risk-adjusted analysis from the CRUSADE trial of patients with acute coronary syndrome, by Peterson et al. [34] , evaluated adherence to nine Class I American College of Cardiology/American Heart Association guideline-recommended treatments. The authors reported that with every 10% increase in composite adherence (a measure based on four acute process-of-care measures and five discharge regimens) at a hospital, an analogous 10% decrease in patients' likelihood of in-hospital mortality was observed [34] .
We hypothesize that patients who received all the evidence-based therapies evaluated, for which they were eligible, may also have received better care in terms of other (unmeasured) aspects of care. It is also possible that the hospitals where these patients were treated also implemented other strategies aimed at increasing the use of evidence-based therapies.
This study has several limitations. Generally, standard order sets recommend care for 'ideal' patients and may not be fully applicable to patients who require more complex or alternative care. To limit this bias, we evaluated the two measures, administration of aspirin and b-blockers, among ideal patients, i.e. those who were eligible to receive the medication, had no contraindications and were discharged alive. All process-of-care measures that were related to reperfusion were evaluated only among those who received this type of intervention. While a standardized check list or protocol may help clinical decision making with regard to acute reperfusion, it does not necessarily guarantee that a patient will receive these therapies in the most timely manner possible.
We also selected only those indicators that reflected evidence-based approaches at the time of the study and were deemed appropriate to be included in standard admission orders. It is possible that there were other interventions we did not include or some of the included indicators were not part of a hospital's standard admission orders. However, this assumption does not undermine the finding that standard admission orders are likely effective tools to improve AMI management for the certain process-of-care indicators. Finally, our study assessed compliance with specific processof-care measures. We did not have information on the actual content of each individual hospital's admission orders, nor did we assess them in terms of when they were implemented or last updated.
In summary, we found that the use of standard admission orders was associated with improvements in several processes of care for the acute management of AMI. Although most patients in our study were admitted with these orders, one in five were treated without a standard order set and this likely represents an opportunity to improve the care processes at these hospitals. Although the creation and maintenance of standard order sets does require upfront resources, this investment may be relatively modest as compared with other more complex options for improving care quality, and we would encourage all hospitals to consider implementing standardized admission and discharge order sets to help remind physicians of the important aspects of care that may be missed in a busy clinical environment. The use of standard admission orders was associated with better hospital performance on many AMI process-of-care measures and is an intervention that could be implemented in any hospital treating cardiac patients.
